The objective of this study was to verify a possibility of the assessment of carbon stock above all in forest aboveground biomass in the area of Czech Republic based on Landsat data and terrestrial mapping of land cover. Landsat 7 ETM+ data and method based on vegetation index ND45 were used. Simultaneously the aboveground carbon stock was assessed by expert based estimations of carbon in aboveground biomass in the various classes of landscape cover, derived from Corine Land Cover 2012 data. By comparison of results obtaining by both methods for the whole investigated area in the Czech Republic the differences reached only 4.68% and for forest stands 7.19%. The results of aboveground carbon stock based on the Landsat 7 ETM+ data did not differ distinctly from the assessment of carbon stock for individual classes of land cover for both vegetation cover of the Czech Republic and forest stands.
Editor: Bohdan Konôpka restrial ecosystems and biomass in a different time span. Many studies have been engaged in a question how to assess carbon content by the most simple and exact way.
Assessment of carbon stock in aboveground biomass has been worked out by methods based on both direct measurement and remote sensing (RS) approaches. Methods based on contact measurements always provide the most accurate results but they are highly finance and time consuming (Brown 2002; Coomes et al. 2002; Gibbs et al. 2007; Machar et al. 2016) . Satellite or radar data have got great potential for determination of vegetation carbon content. Moreover in inaccessible areas they are the only possibility how to find out the carbon content in vegetation cover. This is the reason why many research studies have been focused on improved carbon assessment using remote sensing methods (Goodenough et al. 2005; Vicharnakorn et al. 2014; Mandal & van Laake 2005) .
Basic methods of contact approach are forest inventory, method of production tables and eddy covariance method. Forestry inventory is greatly widespread way of assessment of biomass and carbon stock on the base of parameters realized during ground survey (Brown & Schroeder 1999; Jenkins et al. 2004; Zhang et al. 2012) . Ponce-Hernandez (2004) described in detail the principal
Introduction
Carbon naturally occurs in many forms. In connection with the climate change carbon dioxide (CO 2 ) is the most important form of carbon and its fixation in chemical compounds has got an important role. CO 2 in the line with methane, dinitrogen dioxide, sulphate fluoride, water vapour and some other gases are generally marked as greenhouse gases which actively participate on the global climate change. On the first sight the change is mainly linked with increasing of temperature. In the last 100 years the average temperature has increased by 0.74 °C (Marek et al. 2011) . According to prediction value of carbon dioxide will reach the limit of 400 ppm very soon (Stocker et al. 2013) . It is obvious that this phenomenon has been influenced by human activity, mainly due to combustion of fossil fuels and deforestation of tropical forests (Cudlín et al. 2013) .
The Czech Republic extends on the area of 78 866 km 2 . Forest ecosystems cover 29 076 km 2 , i.e. 36.9 % of the whole area of the Czech Republic. Approximately coniferous forests cover 60% of the whole area and deciduous forests 40%. Total timber reserve is about 934 mil. m 3 (Vašíček 2015) . Up to 45% of the whole terrestrial carbon is fixed in forests (Oulehle et al. 2011 ). These days scientists have focused on the carbon quantification in ter-*Corresponding author. Vilém Pechanec, phone: +420 585 634 579 of tree allometry in connection with carbon measurement in biomass. Main-Knorn et al. (2011) compared carbon stock assessed by forest inventory with figures derived on the base of satellite data analysis. Method of production tables, used in the frame of IPCC programme, is based on a link of individual classified categories and prepared values on carbon stock or production, derived from previous contact measurements and literary knowledge. This simple method is implemented by several models e.g. InVEST or NLLUF-KP10 (Cruickshank et al. 2000; Kareiva et al. 2011; Kuldeep 2011; Sanga-Ngoie et al. 2012) . Eddy covariance method is based on the direct measurement of CO 2 flows in the frame of ecosystem stations. The method is very precise, but it measures only direct CO 2 flow on small areas (Hunt et al. 2002; Zhang et al. 2012) .
Remote sensing can be used for the assessment of carbon stocks by two available means. First one is an assessment of aboveground biomass from that selected eco-physiological parameters (e.g. gross primary production, net primary production, photosynthetically active radiation) are derived and carbon quantity is calculated (Field et al. 1995; Patenaude et al. 2005; Awange & Kyalo Kiema 2013; Pechanec et al. 2014) . The second one is a land cover mapping and derivation of basic characteristics (type, spatial distribution and pattern) of its categories and to combine these data with ground forest inventory (Pachavo & Murwira 2014; Iizuka & Tateishi 2015; Zheng et al. 2008) .
The aim of this study was to propose some method based on RS data for the assessment of carbon stock of forest aboveground biomass on the territory of the Czech Republic.
Material and methods

Expert data of carbon stock
In accordance with the basic IPCC methodology of carbon stock assessment (Kuldeep 2011; Sanga-Ngoie et al. 2012 ) expert estimation of carbon stock values has been performed for vector data layer of the most detailed level 3 of individual land cover classes of Corine Land Cover (Corine LC). Particular land cover categories were divided according the presence/absence of natural and near to nature habitats (Chytrý et al. 2010) according to the Habitat mapping layer provided by the Nature Conservation Agency of the Czech Republic (NCA CR 2014). Proportional representation of non-natural habitats in the territory not covered by the layer of Habitat mapping was estimated using analyses of land use and carbon content on 450 × 450 m plots in the grid 7 × 7 km, made by IFER ltd. in the frame of CzechTerra project (Šímová et al. 2009) . The values of carbon stock of aboveground biomass of individual 193 natural, near to nature and non-natural habitats (Seják et al. 1993) were derived from literature (Stará et al. 2011) . The carbon values for each Corine LC class were ultimately determined by means of the carbon values of natural and non-natural habitats weighted by their average distribution in the Corine LC classes in the whole territory of the Czech Republic.
Satellite Landsat 7 ETM+ images
Data were acquired by means of the Earth Explorer tool (http://earthexplorer.usgs.gov/). For the territory of the Czech Republic there were selected 9 images of Landsat 7 ETM+ from 20. 5. 2012 to 11. 7. 2015. Date and cloudiness coverage percentage were the key factors for the selection of images. The basic condition was vegetation period, i.e. period from May to October. Mostly there were selected images from the years 2013-2015 because of small cloudiness and other meteorological conditions. Only one image had to be selected from the year of 2012. The list of all images used for an assessment of carbon stock is displayed in the Table 1. 2.3. Satellite data procedure
Cloudiness masking
Because of not all images were obtained without cloudiness and there were not other better images, there was necessary to mask cloudiness on three images with ID LE71910252013168ASN00, LE71920262014162ASN00 and LE71900262015183NSG00.
We use CALCULATE CLOUD MASK USING FMASK tool, which is avalaible in ENVI software. Total area under cloudiness mask covered the area of 32 760 hectares. The results of masking are seen on Fig. 1 . 
Mosaic framing and mosaic trimming for the territory of the Czech Republic
For unified processing of all 9 images their mosaic using the ENVI software (SEAMLESS MOSAIC tool) was carried out. The outputs of this process are pictured on Figs. 2 and 3.
Radiometric and atmospheric corrections of Landsat 7 images
Images from satellites Landsat 7 and 8 dispose of automatic radiometric, geometric and altitudinal corrections at the Level 1T. For next level of atmospheric and radiometric corrections there is necessary to utilize infor- were then assigned expert based carbon values per ha. The carbon stock values determined by method of ground observation and derived from remote sensing data were compared. 
results
The results of carbon stock calculation on the investigated territory of the Czech Republic (43,841 km 2 ), using the method based on the ND45 index, were comparable with expert assessment. Calculated carbon stocks of aboveground biomass in the Czech Republic using ND45 method was 277,842,483 tons, according to expert production table 265,418,848 tons. Values of the carbon stock for the investigated area differed only by 4.68%.
For the assessment of carbon stock of aboveground biomass in forest stands the areas of occurrence of Corine LC 2012 classes (conifer, broadleaved and mixed forests) on the territory of the Czech Republic were summarized and the carbon stock of aboveground biomass was computed according to the expert assessment of carbon values for individual classes. The area used to find out the carbon stock from remote sensing data had to be reduced by area covered by cloudiness and therefore it differed from the total forest area (Table 4) . 
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Banding elimination of Landsat 7 images
Regarding to the decrease of image quality of Landsat 7 by systematic error in consequence of SLC disturbance in the year of 2003, an image radiometric defect had to be removed. This process was performed with the help of ENVI software using Fourier transformation.
Calculation of the aboveground carbon stock by means of the ND45 index
Calculation of aboveground carbon stock was done by means of the ND45 index (Goodenough et al. 2005) using the Band Math tool (ENVI software). The method consists in an assessment of aboveground biomass on the base of spectral vegetation index ND45. Assessed biomass is then recounted to carbon stock (kg C per hectar). Mathematical notation is described in the Table 2 . Calculation of carbon stock was applied for the selected areas of the Czech Republic (43 841 km 2 ) after subtraction of a) areas of masked cloudiness and b) categories with low vegetation cover (e.g. built-up area) (see Table 3 ). The plots were spatially defined on the base of land cover class level 3 of the Corine LC 2012 (see Fig. 4 ).
Calculation of aboveground carbon stock with use of expert assessment
For the assessment of carbon stock of aboveground biomass by means of expert estimations, the same Corine LC 2012 data layer was used. This layer was then segmented according the presence of natural and non-natural habitats. These segments were attributed by average expert carbon stock values (t ha −1 ) of aboveground biomass in individual Corine LC classes, containing and non containing natural habitats. Real carbon stock was then calculated.
To obtain carbon stock of aboveground biomass in forest stands the area of broadleaved, coniferous and mixed forests (TAG 311, 312, 313) according to Corine LC 2012 was determined. The Corine LC forest classes In the case of entire forest stands there was stated the difference of 7.19%. Difference for broadleaved forests was 2.97%, coniferous forests 8.75% and mixed forests 4.47% in comparison with results obtained by expert assessment. On the base of results we can presume that the method based on ND45 index is suitable for the assessment of above ground carbon stock on the territory of the Czech Republic.
Discussion
The assessment of carbon stock of aboveground biomass from RS data seems to be applicable but we should critically discus not only data processing but also the comparative expert based values. The calculation of aboveground carbon stock was based on biomass estimation by means of the ND45 index. This method belongs to the most frequent if multispectral data are used (Cruickshank et al. 2000) ; in the case of hyperspectral data, approaches based on LAI index (Liang et al. 2012) or fAPAR index (Hunt et al. 2002) are prevailing. The crucial problem of used approach is the selection of vegetation index; the most frequently used NDVI index has serious problems with the saturation effect at higher biomass values (Sanga-Ngoie et al. 2012) . Another frequently used approach based on biomass empirical models works unfortunately only with one picture from main vegetation phase which causes a lot of inaccuracies. The seasonal NDVI index derived from time series could be one of a suitable solution (Zhu & Liu 2014) . According to their results NDVI index has stronger relationship with aboveground biomass in the autumn compared to main growing season.
Another aspect influencing the selection of suitable vegetation index is a structure and amount of analyzed vegetation; forests in different vegetation zones differ strongly in their vegetation structure. Therefore we analyzed a couple of indices (Goodenough et al. 2005; Zheng et al. 2008 ) and selected ND45 index, derived on two localities in Canada with tree species composition, dominant spruce and pine species (Goodenough et al. 2005) , relatively similar to our dominant tree species.
The method based on ND45 indicator has been selected as optimal for the assessment of carbon stock of aboveground vegetation by means of RS tools after previous testing on a smaller area of 450 km 2 . The very important role is played by an input value -volume wood density. For the assessment of carbon stock in the Czech Republic there was set value of 400 kg m −3 considering extent and land cover categories of studied area. Using value differentiation according to landscape cover categories could lead to further refinement of the results.
Expert based values of aboveground carbon stock were constructed as a medium value for a given habitat type under conditions of the Czech Republic. It means that this coefficient does not reflect an actual state of an individual habitat, given by above all its health status and age structure. Due to this fact the values obtained by means of the method based on mean ND45 index could provide sufficient information about actual mean state of aboveground biomass.
Only few publications have presented a comparison between carbon computation from remote sensing data and expert estimation. The results of one of them, reporting 4% difference using NDVI index (Sanga-Ngoie et al. 2012) , are very similar to our results.
In this paper it was mentioned that the real values of reflectance must be available for the quantitative image analysis. Input units of TOA reflectance were used for the assessment of carbon crop, it means radiometrically calibrated DN values according specific factors (e.g. sun elevation) for each image. Unfortunately, atmospheric influences have not been removed from these data. There were undertaken some tests to remove atmospheric influences using method of Dark Subtraction but obtained results of reflectance were evaluated as unsuitable. Improper removing of atmospheric influences could slightly affect obtained stock values. In a new version of the ENVI software more advanced tools for removing of atmospheric influences -QUAC and FLAASH modules have been implemented but they were not accessible to authors at that time.
Conclusion
The aim of this study was to propose some method based on RS data for the assessment of carbon stock of forest aboveground biomass on the territory of the Czech Republic. Comparison of results of aboveground carbon stock computation by RS method based on ND45 index with results obtained by the expert assessment showed that less time consuming RS method is applicable for bigger areas. Values of the carbon stock for the entire valuated area differed only by 4.6%, for forest area the differences ranged from 2.97% to 8.76% according to the forest category. The results of RS method proved to be comparable with methods of ground observation that are often expensive and time consuming. Moreover ground observation methods are not applicable in inaccessible areas. In addition, information about aboveground biomass carbon stock in the Czech Republic in 2012 can be compared in future with up-to-date values to monitor changes in carbon storage.
